A substantial proportion of the world's population is dissatisfied with the way the global marketbased economy operates. In particular, the desire of consumers to pay as little as possible for a product and the desire of producers and investors to make as much profit as possible, lead to actions that drive down wages, undermine social welfare and damage the environment. To counteract this, we propose that the millions of consumers who wish to change the market adopt a combined buying and investing strategy that we term buyvesting in which "ethical" would become the new "profitable". We use a learning program to illustrate the buyvesting proposal, which we discuss with respect to the concepts of competitive coherence and shared reality theory.
Introduction
According to one popular description "A market-based economy is where goods and services are produced without obstruction or interference etc." [1] , this absence of constraints results in several questions that trouble millions of potential investors. How can they buy the cheapest products and yet preserve decent working conditions, ensure taxes are paid, and protect the environment? How can they make money from ethical investments? Such altruistic motivation leads large numbers of internauts to attempt to change the behavior of companies via online petitions, orchestrated boycotts and political activism. This altruism is itself at complete variance with the values driving the global economy and therefore risks being ineffectual. Indeed, the attempts of those who wish to change the global market are often restricted to specific actions and have little effect on its overall functioning.
Income disparity has attracted considerable attention as a possible factor in generating a wide range of social ills [2] - [7] and in reflecting how such disparity might be reduced, the authors cite those economists who "sometimes suggest that the market is like a democratic voting system: our expenditure is in effect our vote on how productive resources should be allocated between competing demands" [5] ; the idea, then, is that the rich have more effective votes than the poor and can distort economies. In line with the market approach to improving society, organizations such as Ceres [8] help direct the investment of trillions of dollars with the aim of improving working conditions and reducing environmental damage (see below).
Here, we propose a possible answer to those who are looking for a peaceful and effective way to alter the operation of the global market. We examine the nature of one of the fundamental social and environmental problems that results from the pressure to minimize costs and maximize profits. We discuss how the combination of buying and investing via a common institution may circumvent this problem. Neural networks have been widely used in economics [9] and, finally, we use a type of neural network to try to evaluate the efficacy of this combination of buying and investing [10] .
The Nature of the "Cheapest Takes All" Problem
It has been claimed recently [11] that "Starting in 1994, NAFTA and other trade deals wiped out most taxes on foreign-made clothing, while doing nothing to protect worker rights or the environment abroad. Overnight, American workers had to compete with countries that tolerated child labor, 16-hour workdays and 40-cent-anhour wages. The result? 750,000 U.S. jobs evaporated in favor of sweatshops and a race to the global bottom". The dominant ethic in the global market-based economy is that it is right to maximize short-term profits by minimizing costs. This leads to the selective process of the "cheapest takes all" whereby consumers generally buy cheaper goods and services and, in consequence, those supplying such goods and services prosper by undercutting those supplying more expensive ones. Decreasing the price of goods and services can be obtained by decreasing wages, by reducing welfare and health provisions, and, in the short-term, by damaging the environment. In an economy operating "without obstruction or interference" in which it does not matter how cheapness is obtained, a vicious circle can be created from the combination of buying the cheapest and supplying the cheapest. The end result is likely to be a system based on an effective slavery with the additional risk of environmental catastrophes leading, in the worst case scenario, to the extinction of the human species itself. It has been noted that "streamlining of production for efficiency and cost savings may have a role in emergence of new infections when biological materials are the basis for product formulation" with the example of the manufacture of blood factor concentrates via pooling plasma from many donors such that "the entire pool could be contaminated by a single unit from an HIV-infected donor". Dr. Michael Rodell, former vice-president of the Armour Pharmaceutical Company, estimated that four infected persons could contaminate the entire world supply of factor VIII [12] . On a bigger scale, a yielding to the pressure for short-term profit was behind the pooling of animal products and their redistribution in the form of bone and marrow meal (along with changes to the rendering process); this led to the number of people potentially affected with Mad Cow Disease estimated, at one time, at several orders of magnitude [13] . The unfettered drive for short-term profit may also result in events threatening the human species via global warming [14] and pollution [15] [16] .
The Difficulty of the Problem
The involvement of competitive coherence is one reason why solving the problem of the "cheapest takes all" process is difficult. The concept of competitive coherence originates in the fact that biological systems on all scales are confronted with the challenge of obtaining a future state that is coherent with their environment and with their previous states [17] . These states are created by the active functioning of a subset of constituents of the system. This active subset is selected from the larger set available to the system. Many social organizations are constrained by the need to reconcile 1) coherence with their present environment and 2) coherence with their past environments. Companies and financial institutions, for example, have to select a Board-an active subset-of directors in response to political, legal, economic, technical and social changes but must reconcile this selection with the history of the organization which includes its products, clients, reputation, and workforce skills. Such selection entails both the generation of a coherent Board, in which the people on the Board work together efficiently and harmoniously, and the generation of a coherent sequence of Board members. Incoherence and contradictory behavior occurring at any one time are punished since a Board that has members who disagree to the extent that, for example, the Board decides to try simultaneously to both increase and decrease the company's product range is likely to be out-competed by competitors whose Board agrees on a single strategy. Temporal incoherence, that is, inconsistent behavior occurring over a period of time, is also punished; for example, a Board that changed all its members without reference to the previous Board might make decisions that would lead to the company going from one marketing/production strategy in one year to another very different strategy in the following year. A strong selective pressure, therefore, exists in the competitive market favoring companies that select Board members so as to have Boards that make both coherent decisions and a coherent sequence of such decisions. We have proposed that competitive coherence is responsible for generating active subsets of elements, whether these elements are genes in the case of bacteria or Board members in the case of companies, from a much larger ensemble of elements [18] . The concept of competitive coherence is based on the way a system must maintain both the continuity of the composition of its active subset via a Next process and the coherence of this active subset (with respect to the inside and outside world) via a Now process. In an in silico implementation of this concept, the state of a system at time n + 1 is determined by a competition between the Next process, which is based on its state at time n, and the Now process, which is based on the developing n + 1 state itself [10] . This implementation shows first that competitive coherence can lead to a network of connections that constitutes learning and second that this network of connections is robust with respect to noise and is self-perpetuating.
How is the above relevant to the "cheapest takes all" problem in a company or financial organization? One reason why finding a solution to the problem is difficult is provided by shared reality theory. In this theory, people seek out others who validate and strengthen their beliefs whilst the relationships between people are established and maintained if they involve shared beliefs [19] . This means that if those who manage and invest in companies share a belief in the inevitability that the "cheapest takes all"-and even in its desirability-this belief will be maintained within this sector of the financial community. Indeed, a willingness to express this belief may be a condition for membership of the community. A positive feedback then exists whereby those who belong to the group making the decisions to maximize profits "without obstruction or interference" can only belong to this group if they think (or act as if they think) that profits should be maximized "without obstruction or interference".
An overlap here with competitive coherence may be apparent if one considers the problem of selecting the Board (the active subset) each week from a larger set of potential Board members. A Next process might be the tendency for someone who is on the Board one year to be someone who is on the Board next year. A Now process might be the coherence of the Board with respect to itself (the Board may need an accountant, a technical director and a sales director) and with respect to the market and its competitors (if part of the production has been relocated to another country, the Board may need members with experience of this country). It might be argued that one of the most important Now and Next connections leading to membership of the decision-making group is a shared ethic of maximizing profits without let or hindrance.
Finding a political solution to the "cheapest takes all" problem is difficult in part because of the domination of the media by a limited number of companies that, again, possess self-perpetuating ethics. Such ethics can even lead them into an unsustainable denial of reality, as in the case of climate change [20] . This domination by the few makes it easy to promote the idea that the scenario of the "cheapest takes all" is inevitable and that attempts to find a solution are therefore doomed to fail.
The Buyvesting Hypothesis
A potential solution to the problems raised by the ubiquity of the "cheapest takes all" process would be to combine buying and investing in a positive feedback relationship. We term this strategy, buyvesting, the structure in which it might operate a buyvestment fund and the members of this fund, buyvestors. The goal of buyvesting would be to drive companies into improving salaries, respecting the environment and paying taxes.
How would buyvesting work? The buyvestment fund would both lend money to selected companies and buy shares in these companies. These activities would depend on the company respecting the buyvestment fund's conditions on employment, the environment and taxation. The fund would therefore negotiate with these companies before investing and would maintain close contacts with them once it had invested. The buyvestors themselves would provide money for the buyvestment fund to invest in the companies from which they buy and, reciprocally, would buy from the companies in which they invest. The fundamental point is that these companies would be the same. Their profits should rise because they would benefit from both increased investment and increased sales. They would have the edge over their competitors that did not respect the buyvestment fund's conditions. Moreover, buyvestment companies would benefit from more than a temporary increase in investment and sales: they would benefit from the long-term support of the buyvestors. The buyvestor, who is an investor as well as a consumer, would also make money. At the same time, the buyvestor would help improve social and environmental conditions.
Evidence that Buyvesting Might Work

Buyvesting Could Benefit from Millions of Activists
Buyvesting depends on turning millions of buyers into buyvestors. Evident candidates for buyvestors include those on the political Left militating for a major change in society. In France, for example, those expressing a willingness to vote for the Front de Gauche, constituted around 10% of the electorate during the 2012 presidential elections [21] . Are such electors likely to turn their opinions into economic actions? According to a You Gov opinion poll [22] , 27 per cent of respondents in the UK said that "there are companies I actively boycott because they don't pay enough tax". Campaigns based on boycotting can be effective but are essentially negative, shortterm and confined to a few companies. Nevertheless, millions of internauts do attempt to change the behavior of companies via a myriad organizations that include Sum Of Us, Care2 Causes, Demand Progress, ONE, Our World Our Say, Change, Avaaz and, of course, political parties. A buyvestment fund could benefit from the support of these activists by offering them a peaceful, effective and financially rewarding way to change company strategies. One encouraging example of this is the phone company, CREDO, which openly militates for a variety of causes and which has donated more than $78 million over the last thirty years [23] .
The Importance of the Internet
Turning millions of buyers into buyvestors would be greatly facilitated by the internet which would enable them to be informed and organized. The internet would also allow them to act effectively. Indeed, use of the internet by pressure groups reveals just how vulnerable companies are to public opinion. According to Care2.com, "Social media have given consumers a place to publicly air their concerns and call out the companies they think are doing wrong. Before, if a customer had a complaint, they could contact the company privately and have it dealt with that way. Now anytime someone sees something in a product they don't like, they can garner support and petition signatures in the thousands. For example, though PepsiCo Inc. has removed brominated vegetable oil from Gatorade, Coca-Cola has not done the same with the Powerade drinks that contain that ingredient. An online petition to have brominated vegetable oil was reported to have had 57,000 supporters "as of last week" [24] . This was followed in 2014 by the declaration from Coca-Cola that it would be removing the compound from all its drinks [25] . In addition to these individual actions, consumer dissatisfaction is now taking on a more general form with the emergence of sites and applications such as BlackListic which allows customers to describe the problem they have encountered and the resolution to this problem, if any, to be published [26] .
Buyvestors Speak the Language of Capitalism
Buyvesting would exploit the amoral essence of the modern, dominant form of capitalism, that making money by any means is good, and would use it to drive a highly moral socio-economic agenda. Buyvesting would not pose a clear threat to the status quo and would not risk eliciting a hostile response from the financial establishment. The changes made by buyvesting to the financial landscape could therefore be made peacefully, painlessly and seamlessly.
Buyvesting Could Succeed Slowly
The success of buyvesting could be gradual: success would not depend on the support of the majority of the buying or investing population. Even if only a low percentage of consumers were to buy the products recommended by the buyvestment fund, this would suffice to change market conditions and to alter business ethics. That said, a buyvestment fund might benefit from setting a threshold number of buyvestors that would have to be attained before starting financial operations.
A Buyvestment Fund Could Interact in Synergy with Other Institutions
A buyvestment fund would have what should be a natural ally in pension funds. Awareness of ethical considerations-or of the importance of acknowledging them-is revealed in the Members' Annual Report 2012 of the University Superannuation Scheme (USS), a UK Pension Fund, where it is written: "USS continues to strive to integrate environmental, social and governance issues across the investment portfolio and be a leader in Responsible Investment". An awareness of the potential power of such investment is also evidenced as the report continues with: "Active ownership of invested assets will lead to better returns over the long term". Ironically, however, the USS listed as amongst its largest bond and equity holdings several organizations that face or have faced serious allegations including Royal Dutch Shell [27] , HSBC [28] , BP [29] , British American Tobacco [30] , Rio Tinto [31] and BHP Billiton [32] . That said, pension funds can flex their muscles as in the case of the California Public Employees' Retirement System which is part of the Ceres-led coalition (see below) and which called on energy companies to mitigate the risks posed by climate trends pose to their business strategies [33] .
Other natural allies include organizations such as Ceres, an institution with the stated mission of working "with leading companies, investors, public interest groups, policymakers and other economic players to advance sustainable solutions that will reduce carbon emissions and other pollutants, protect vital natural resources like water supplies, ensure safe and just working conditions for employees and reduce our reliance on fossil fuels while transitioning to a clean energy economy" [8] . Ceres is likely to be influential insofar as it directs the Investor Network on Climate Risk, in which, it claims, investors collectively manage more than $10 trillion in assets. Other possible allies include the Co-operative Group in the UK, which has similar principles to those of buyvesting, and in 2010 had 85,000 employees, 5.8 million members, and a revenue of £13.7 billion [34], whilst the Credit Mutuel, a cooperative bank in France, in 2013 had 78,000 employees, 30 million customers and member-shareholders, and made a profit of 2 € billion [35] .
Share ownership is a feature of 14% of companies in the UK where it involves 22% of all employees [36] . These employees are likely to be supportive of buyvesting, particularly since their loyalty to and familarity with their companies leads them to invest heavily in company stock (even when this is imprudent) [37] . Finally, community investing, which is but one aspect of socially responsible investing, is reported to have some $61.4 billion in managed assets [38] .
The Model
Buyvesting is proposed to change the general behaviour of companies by causing general changes in the attitudes and behaviours of investors and consumers. Such general changes are hard to capture in a model. However, the behaviour of companies is, to a large extent, both caused by and reflected in the ethics of the Members of the Board. This underpins the idea behind the model we develop here that general changes in the behaviour of investors and consumers can be captured by studying specific changes to the composition of the Board, in other words, by studying specific changes in the nature of those who are elected to and evicted from the Board.
The Specific Analogy
To model how the composition of the Board might be changed, we exploited a learning program, Coco, that implements competitive coherence [10] and that has some similarity to Hopfield's network model [39] in its use of a Hebbian learning rule whereby learning occurs as a result of the strengthening of the weights of the links between nodes [40] . The Coco program has a big set of inactive elements from which a small subset of active elements is chosen. An element becomes active when the address of the element is loaded into the Activity Register. The set of all elements (excluding inputs and outputs) corresponds to all those people who are or who could become Board members, the addresses of the elements correspond to their names, the addresses in the Now and Next fields correspond to the names of the people with whom a particular person has a connection, and the addresses in the Activity Register correspond to the names of the members of the Board (see Section 3). Each loading of the Activity Register-and there can be several such loadings between input and output-corresponds to a term of service, after which Board members have to stand down. They can be re-elected after an obligatory period of "inactivity".
In response to a sequence of different inputs, the Coco program learns to give a sequence of appropriate outputs; this is achieved by rewarding and punishing via changes to the connections in the Now and Next fields, and hence via changes to the probabilities of elements becoming active [10] . In the analogy, the inputs correspond to the state of the Market and the outputs correspond to the response of the company; these responses can be rewarded or punished depending on the appropriateness of the response (e.g., an input of 1 corresponds to a boom period and the response of 1000 corresponds to a growth strategy, which is rewarded, see below). Members who have participated in a successful period of the Board (input-output sequence in the Activity Register) have patterns of connections that differ from those Members who have participated in unsuccessful periods. Moreover, successful Members have more connections than those that have failed (this is represented by the relative sizes of the Now and Next fields).
A subset of the elements is defined as the buyvestor Club whose members share the buyvesting philosophy and who are tightly connected to one another. An economic crisis that leads to a major change in the composition of the Board is represented by a replacement of some of the elements that are active once the program has learnt (i.e., have their addresses present in the Activity Register at some stage in the sequence of loadings in the learnt state).
The Questions
In the specific case where buyvesting is assessed by its capacity to effect a major change in the composition of a Board, buyvesting is confronted with at least two problems: 1) getting a member of the Club onto the Boardinfiltration-and then 2) getting the other members of the Club onto the Board.
The model may be developed to allow the following questions to be addressed or, at least, clarified. What are the factors that affect the infiltration step and what are the factors that affect the subsequent recruitment of other members of the Club to the Board? Is the probability of a Club member getting onto the Board increased in a time of crisis? Does this probability increase if the people in the system have many connections between one another so that there is likely to be a connection between the Board and the Club? Is strengthening the connections between members of the Club sufficient to change the composition of the Board? Can change be effected progressively without the performance of the company suffering?
The Results
First, we standardized the Coco program by fixing the total elements at 1000 of which three inputs (1, 2 and 3) were chosen to be inputs and another three (998, 999 and 1000) were chosen to be outputs. Coco was set to learn a standard task that required successive inputs of 1, 2, 3, 2, 3 to be responded to with outputs of 1000, 999, 999, 1000 and 998, respectively; this is a difficult task that requires both Now and Next processes because the right response to an input of 2, for example, depends on where 2 lies in the sequence. Second, the Club of potential Board members who would promote buyvesting was defined as those elements from 11 to 100, inclusive. A positive control was then performed to show that the Coco program was capable of escaping from one learnt state into another: when the program had learnt, as shown by the continuous negative slope of the graph after 500 consecutive successful responses (Figure 1(a), top panel on left) , a crisis was simulated. This took the form of a temporary, enforced change in the composition of the Board in which several members of the Board were replaced with randomly chosen Club members for a brief time (representing by a single loading of the Activity Register in the program). This temporary change in the example given in Figure 1 is represented by the Board composition going from (239, 681, 348, 158, 799, 720, 69, 814, 799, 876), where there is one Club member (Figure 1(a), top left panel), to (70, 239, 348, 20, 100, 71, 47, 66, 91, 876) , where there are 7 Club members (not shown). At the same time as this crisis, the connectivity strength between Club members was increased 20-fold (that is, the weighting on their connections was increased from 1 to 20), the number of interconnections between Club members was increased so that most Club members were connected to other Club members (the bold, red addresses in the bottom panels of the figures), and, finally, a single member of the Board was replaced at random by a Club member for a 100 time steps to simulate the effects of protracted turbulence of the Market. The initial learnt state of the Board contained 14 Club members (21, 28, 39, 48, 63, 69, 75, 83, 85, 91, 95, 96, 97 , 100) out of a sequence of 120 elements, of which 10 were inputs and outputs, whereas the relearnt state of the Board contained 35 Club members (11, 14, 17, 18, 21, 22, 23, 24, 26, 28, 29, 30, 33, 36, 37, 39, 40, 43, 48, 50, 55, 56, 57, 58, 60, 61, 62, 70, 72, 81, 82, 83, 84, 92, 93) (Figure 1(b), top left panel) . Despite the strong selection for Club members, one time step in Figure 1 their election directly, as is the case with the Next connections of Club member 26 (bottom panel of Figure 1(b) ).
In principle, therefore, the program can model the process of changing the composition of the Board to one in which the Board is dominated by Club members. The above, successful change in the composition of the Board (Figure 1 ) required a major crisis in the form of a temporary change (single loading of the Activity Register). This crisis could correspond to an event leading to the empowerment of the Club and the resignation of the Board. Possible examples of such events should include the response of mining companies to the assassination of local populations, and of banks to money laundering. However, the program shows that to find a new learnt state (i.e., to cause a permanent change in the Board that results in successful performance) requires a period of re-learning (i.e., going through a period when the company fails to respond adequately to the Market) that may be long. Such a period would menace the survival of the company. We therefore explored whether the Board could be changed without the major crisis.
To test whether the composition of the Board could be changed significantly without a crisis-essentially, by an increase in connectivity strength alone-the program remained in the first learnt state for 500 steps and then the weighting on the connections between Club members-and only between Club members-was suddenly increased 20-fold. This resulted in a change in the composition (Figure 2) with the number of Club members on the Board increasing from 11 (6, 12, 22, 24, 30, 37, 40, 49, 59 , 71, 85, 98) to 17 (12, 19, 22, 24, 30, 37, 38, 40, 49, 59, 71, 75, 85, 87, 89, 97, 98) . Importantly, this increase was achieved without a period of bad responses to the Market necessitating re-learning, that is, the composition of the Board was changed without incurring a drop in performance.
Discussion
The process in the global market whereby "the cheapest takes all" poses a major problem to many people as this process is seen as inescapable. The preference of consumers for the cheapest products pushes down prices and hence wages and, insofar as consumers are producers, the resulting reduction in wages strengthens their preference for the cheapest products. Underpinning this preference is the seemingly universal ethic that competition is good and that profits should be maximized irrespective of social and environment considerations.
The buyvesting approach we advocate here harnesses the power of positive feedback to mount a challenge to the idea of the inevitability of the "cheapest takes all" scenario. Buyvesting would achieve this by reaching a population that other investment schemes cannot. This is the population of the political Left, a population comprising hundreds of millions of people who want to change the way the global market operates and who are uneasy with-if not hostile to-the financial sector.
Although there are many well-meaning financial institutions, to our knowledge, no financial organization comparable to a buyvestment fund exists. That does not mean that a buyvestment fund would be isolated. There are many charitable associations and NGOs that might be expected to encourage buyvesting. And pension funds might be pressured by their members to lend a buyvesting flavor to their investments by joining a buyvestment fund.
Shared reality theory [19] helps explain why when a belief system is held by many powerful individuals it acquires an inertia that makes it difficult to change even though it is an unreality that is shared. To have an idea of whether buyvesting might actually succeed in helping change the prevailing socio-economic climate, we suggest that it might be useful to model market dynamics with reference to shared reality theory. Here, we have shown how such modeling might exploit a program that implements competitive coherence. The results ( Figure  1 and Figure 2) , together with others, suggest that four factors are important in permitting a tightly connected group of buyvesting supporters (the Club) to take over the Board without a crisis leading to a long series of bad decisions. First, Club members must be present on a successful Board (i.e., there must be Club elements present somewhere in the sequence of steps in the initial learnt state); if no Club member is present, strengthening the connectivity among these members can have no effect. Second, the connection strength of a Club member on the Board for another Club member must be greater than the connections to other members of the Board in the successful state; in other words, the weighting in favor of Club-Club connections over other connections must be sufficient. Third, the position in the election to the Board is important since a Club member who is elected last cannot influence the composition of the Board in that particular time step. Fourth, the relative proportions of the numbers of Club members are of eligible candidates and of the Board size matter; this is because, for example, once a Member has served on the Board, the Member cannot serve again for another ten times steps.
